Introduction
Rapid increases in the number of transcriptomic studies using DNA microarray and RNA sequencing (RNA-seq) technologies have allowed us to characterize various biological processes of model species. For the model plant Arabidopsis thaliana, largescale transcriptome data sets describing developmental processes (Schmid et al. 2005) , stress responses (Kilian et al. 2007 ) and hormone responses (Goda et al. 2008) were collected by the AtGenExpress consortium and are publically available (http://www.weigelworld.org/resources/microarray/ AtGenExpress). In addition, data repositories such as the Gene Expression Omnibus (GEO; http://www.ncbi.nlm.nih.gov/geo/) (Edgar et al. 2002 , Barrett et al. 2011 and NASCArrays (http:// affymetrix.arabidopsis.info/narrays/experimentbrowse.pl) (Craigon et al. 2004 ) provide a vast amount of public transcriptome data. These public data can be accessed through integrated information web services. The Arabidopsis Information Resource (TAIR; http://www.arabidopsis.org) and Arabidopsis e-FP browser (Winter et al. 2007 ) integrate the public transcriptome data with other information to provide useful information for analysis of gene functions. Transcriptome resources are also integrated with other omics resources and databases, including hormonome (UniVIO; Kudo et al. 2013) , metabolome (PRIMe; Sakurai et al. 2013) or transcription factor-binding sites (STIFDB2; Naika et al. 2013) . Large-scale gene expression data enable us to identify genes that show similar patterns of expression under various growth conditions or in various tissues (Craigon et al. 2004 , Zimmermann et al. 2004 , Toufighi et al. 2005 . Large-scale co-expressed gene analyses, so called co-expression analyses, are provided by ATTED-II (Obayashi et al. 2014) and MapMan (Usadel et al. 2009 ). These analyses are used to predict the function of unknown genes by identifying Plant Cell Physiol. 56(1): e7(1-11) (2015) doi:10.1093/pcp/pcu174, available online at www.pcp.oxfordjournals.org ! The Author 2014. Published by Oxford University Press on behalf of Japanese Society of Plant Physiologists. All rights reserved. For permissions, please email: journals.permissions@oup.com biologically related genes that show expression patterns similar to that of the gene of interest.
Integration of these comprehensive transcriptome resources and comparisons of gene expression patterns also enable us to uncover relationships among transcriptome experiments. When the gene expression profiles of two independent experiments are highly correlated, we can infer that these experiments represent similar biological responses. Similarities of gene expression under certain conditions infer similarities in physiological status (Goda et al. 2008 , Volodarsky et al. 2009 . If the microarray data of a mutant are correlated with those of another mutant, the genes that are responsible for these mutants are functionally related. In addition, transcriptome data can be used for high-throughput prediction of drug effects. Gene set enrichment analysis (GSEA) (Subramanian et al. 2005 , Lamb et al. 2006 ) has provided useful information on drug-gene associations in drug discovery studies. For example, RRHO (rank-rank hypergeometric overlap; Plaisier et al. 2010) of GSEA helped to discover that a type I interferon suppresses a type II interferon (Teles et al. 2013 ).
Pearson's correlation coefficient (PCC) for gene expression of modules has been used to detect the effects of various chemicals (Marton et al. 1998 , Soeno et al. 2010 . Other classical methods of analyzing similarities are used widely, including clustering methods such as hierarchical cluster analysis (Eisen et al. 1998 ), k-means (Jain and Dubes, 1988) and self-organizing maps (Tamayo et al. 1999) . A module (Segal et al. 2004 , Kutalik et al. 2008 or query signature (Lamb et al. 2006) refers to sets of genes with the same biological action. This approach is less susceptible to experimental noise and bias in analyses of correlations or similarities in gene expression. Therefore, this approach enables analysis of large and noisy transcript data sets (Kutalik et al. 2008) .
The Arabidopsis thaliana DNA microarray Correlation Analysis Tool 'AtCAST' (http://atpbsmd.yokohama-cu.ac.jp) was developed to conduct correlation analysis of microarray data in A. thaliana (Sasaki et al. 2011 ). An overview of analyses performed in AtCAST is shown in Fig. 1A . In the first step, AtCAST extracts a module from each experiment. A module from one experiment consists of genes with high and specific expression levels. In the next step, pairwise correlation analyses between all experiments are performed using the module expression data. The results of the analyses are presented in the form of a graph, a 'module-based correlation network' (MCN), to visualize relationships between microarray experiments (Sasaki et al. 2011) . With MCN, one can combine snapshots of transcriptome data and potentially gain insights into the associated physiological processes in plants.
AtCAST has been applied to the discovery of novel chemical activities in plants. Based on a negative correlation found by AtCAST between a chemical and auxin treatment, aminoethoxyvinylglycine (AVG) was identified as an inhibitor of auxin biosynthesis (Soeno et al. 2010) . A negative correlation between uniconazole-P and cytokinin treatments uncovered the novel function of uniconazole-P as an inhibitor of cytokinin biosysthesis (Sasaki et al. 2013 ). We developed a new AtCAST version (AtCAST3.0), which has various new features. The name of AtCAST was redefined as an Arabidopsis thaliana transcriptome profile correlation analysis tool. As a case study, we collected data from original microarray experiments of A. thaliana subjected to auxin treatment. We also used public RNA-seq data of the pifq mutant. These data were used to demonstrate the new features of AtCAST.
Results
Incorporation of new data and a case study of AtCAST analysis (using the experiment of IAA treatment for 3 h) Data from >7,000 public microarray chips were added to the new version of AtCAST. These data originated from >2,000 sets of experiments, in addition to the original AtCAST data from 195 experiment sets. These experiment sets contained a control, with at least two reproducible biological replicates. They presented differential gene expression patterns in response to various stresses, mutants and chemical treatments. The contents of the database are available on the website (http://atpbsmd.yokohama-cu.ac.jp/atcast/html/ group/AllExperiment.html, Access from Top page > Analyze public data > List all experiments). Signal ratios obtained from A. thaliana (Col-0) subjected to auxin (IAA) treatment for 3 h were compared with a mock treatment. The data were analyzed using the previous (2.06) (Sasaki et al. 2011) and new (3.0) versions of AtCAST. Tables S1, S2 ). The experiment 'IAA 3 h', which was conducted by Goda et al. (2008) , showed the strongest correlation with 'Col-0-3 h IAA' (Fig. 1C) . This 'Col-0-3 h IAA' was an auxin treatment experiment conducted by another research group (Delker et al. 2010) . The 'IAA 3 h' is highly correlated with the results of IAA treatment of six other A. thaliana ecotypes (Bay-0, Bl-1, Bur-0, C24, Fei-0 and Sha) in studies conducted by Delker et al. (2010) . These results demonstrate that AtCAST enables comparison of microarray data for different ecotypes. In addition, 48 experiments using mutants were correlated with 'IAA 3 h.' The top 10 highly correlated experiments involving mutants were iaa17-6, arf2-6, slr-1, nph4-1, nph4-1 arf19-1 double mutant, ein2-1, sav3-2, pifq quadruple mutant and erf104-ko ( Table 1) . Among these mutants, five were recently added to the AtCAST database. Genes responsible for these mutants are IAA17 (iaa17-6; Okushima et al. 2005a) , ARF2 (arf2-6; Okushima et al. 2005b), IAA14 (slr-1; De Rybel et al. 2012) , ARF7 (nph4-1 nph4-1 arf19-1; Okushima et al. 2005b) , ARF19 (arf19-1; Okushima et al. 2005b) , EIN2 (ein2-1; Tintor et al. 2013 ), SAV3 (sav3-2; Tao et al. 2008) , PIF1 (pifq; Leivar et al. 2012) , PIF3 (pifq; Leivar et al. 2012) , PIF4 (pifq; Leivar et al. 2012) , PIF5 (pifq; Leivar et al. 2012 ) and ERF104 (erf104-ko; Bethke et al. 2009 ). Half of these genes (IAA14, IAA17, ARF2, ARF7 and ARF19) encode transcription factors in an auxin signaling pathway. The genes PIF1, PIF3, PIF4, PIF5 encode transcription factors that regulate circadian rhythm, function in light signaling and regulate expression of the IAA synthase gene YUC7 (Leivar et al. 2009 ). The gene SAV3 encodes an enzyme that catalyzes the formation of indole-3-pyruvic acid (IPA) from L-tryptophan, which is the first step in the auxin biosynthetic pathway (Tao et al. 2008) . The EIN2 gene encodes a transcription factor that acts in the ethylene signaling pathway (Bisson et al. 2009) , and the ERF104 gene encodes a transcription factor that regulates ethylene synthesis (Batheke et al. 2009 ). These results are consistent with the fact that exogenous auxin treatment causes endogenous ethylene biosynthesis, which can be detected by analysis of DNA microarray data (Goda et al. 2008) .
Support of multiple platforms
The new AtCAST version supports multiple DNA microarray platforms, including the Affymetrix Arabidopsis AG array (AG), the Affymetrix ATH1 Genome Array (ATH1) and the Affymetrix Gene 1.1 ST Array (Aragene11ST). Gene expression of A. thaliana Col-0 subjected to IAA for 3 h was reported using AG (Sawa et al. 2002 , Goda et al. 2004 ) and ATH1 (Goda et al. 2008). The experiment using ATH1 'IAA 3 h' is included in the AtCAST database. In this study, we reproduced the same auxin treatment experiment using Aragene11ST, and compared the results with data from the three platforms listed previously. The numbers of probe set IDs in AG, ATH1 and Aragene11ST were approximately 8,000, 22,500 and 28,000, respectively. Among the probe IDs, 7,151 were assigned to identical Arabidopsis locus identifiers in ATH1 and AG, and 17,832 IDs in ATH1 and Aragene11ST. Signals of these common IDs were used to compare the data from different platforms. When the signals of these experiments were compared, data from AG and ATH1 were highly correlated (PCC = 0.82; Fig. 2A ), indicating that the gene expression levels detected by the AG array were reproduced by the ATH1 array. On the other hand, genes that had lower detection P-values (<0.05) showed lower reproducibility ( Fig. 2A, red points) . We compared auxin-induced gene expression responses of the AG and ATH1 platforms by calculating the expression level ratios of 7,151 genes that have identical gene IDs in ATH1 and AG; this comparison yielded a relatively low correlation (PCC = 0.43) (Fig. 2B) . When we compared the auxin-induced gene expression level ratios with 51 genes that are selected as a module by computing the SCC of the module, as is calculated in AtCAST, AG and ATH1 were more strongly correlated (SCC = 0.65; Fig. 2C ). We applied the AG data 'IAA 3 h by AG' (IAA treatment for 3 h, and detected by AG array) to AtCAST. 'Bl-1-3 h IAA' (IAA for 3 h conducted using the A. thaliana ecotype Bl-1; Delker et al. 2010 ) treatment showed the highest correlation (SCC = 0.68; Supplementary Table S3 ). 'IAA 3 h' produced the second highest SCC. Similarly, the Aragene11ST and ATH1 signals were found to be moderately correlated (PCC = 0.58; Fig. 2D ). Auxin-induced gene expression ratios of detected (detection P-value < 0.05 in ATH1) genes were moderately correlated (PCC = 0.52; Fig. 2E ), and those of modules were highly correlated (SCC = 0.83; Fig.  2F ). When we applied the Aragene11ST data 'IAA 3 h by Aragene11ST' (IAA treatment for 3 h detected by Aragene11ST array) to AtCAST, 'IAA 3 h' showed the highest SCC (Supplementary Table S4 ). These results demonstrated that AtCAST enables detection of similar gene expression responses based on transcriptome data originating from different DNA microarray platforms.
The signal strengths of ATH1 and Aragene11ST were not highly correlated. We investigated the relationship between signal strengths and the polyadenylation of mature mRNAs. Polyadenylated (Wu et al. 2011 ; black in Fig. 2D ) and nonpolyadenylated (red in Fig. 2D ) genes showed similar reproducibility, despite ATH1 using a poly(T) primer and Aragene11ST using a random primer for reverse transcription of RNA.
Analysis of closely related experiments in AtCAST3.0
To test whether AtCAST can distinguish similar experiments, we used AtCAST to compare similar but not identical IAA treatment experiments. The gene expression of A. thaliana seedlings subjected to IAA for 3 h were reported for ATH1 (Goda et al. 2008 ). The gene expression of A. thaliana seedlings subjected to IAA for 15 min were reported for AG (Sawa et al. 2002 , Goda et al. 2004 ). We reproduced this experiment using Aragene11ST. The analysis of the IAA treatment for 15 min, using ATH1, was not reported previously, so we were not able to compare the results with those by AG and Aragene11ST in a pairwise manner. The microarray data using AG (IAA 15 min by AG) and Aragene11ST (IAA 15 min by Aragene11ST) were applied to AtCAST. Microarray data for a 30 min IAA treatment using Arabidopsis ecotype Fei-0 seedlings reported by Delker et al. (2010) showed the highest correlation (SCC = 0.9) with 15 min IAA by AG (Supplementary Table S5 ). 'IAA 3 h' was moderately correlated (SCC = 0.69) with 'IAA 15 min by AG'. 'IAA 1 h' (Goda et al. 2004 ) and 'IAA treated' (Armstrong et al. 2004 ; IAA treated for 1 h) were highly correlated (SCC = 0.85) with 'IAA 15 min by Aragene11ST' (Supplementary Table S6 ). 'IAA 3 h' showed the 14th highest correlation (SCC = 0.73) with 'IAA 15 min by Aragene11ST'. Therefore, these results indicate that the gene expression profiles of early responses to auxin (from 15 min to 1 h) were more highly correlated with each other than with the late (3 h) response profiles; furthermore, the early and late gene expression profiles could be distinguished from each other.
Comparison of gene expression profiles determined by DNA microarray and NGS AtCAST3.0 supports the 'gene expression count' of RNA-seq data obtained using NGS. As a pilot study, we obtained public RNA-seq data of the pifq mutant and Col-0 from the Sequence Read Archive (SRA; http://www.ncbi.nlm.nih.gov/sra; Zhang et al. 2013 ) and subjected the data to AtCAST analysis. The RNA-seq data were correlated with those from a DNA microarray ( Fig. 3A; Supplementary Table S7 ). The highest correlation was with the 'pifq mutant grown in dark' experiment (Leivar et al. 2009 ; SCC = 0.65; Fig. 3B ). Other microarray experiments involving light-related treatments and lightrelated mutants were also highly correlated ( Fig. 3A; Supplementary Table S7 ). The results indicate that RNA-seq data can be compared with those obtained using DNA microarrays in AtCAST. 
Support of gene ontology term enrichment analysis (correlation information page)
Gene ontology (GO) provides gene product characteristics and gene product annotation (Ashburner et al. 2000) . The GO term enrichment (GOE) in a set of genes facilitates identification of the biological functions that they have in common. The new version of AtCAST enables GOE analysis of gene expression data. Link buttons labeled 'More info' are provided in the correlation column on the analysis results page ( Supplementary  Fig. S1 ). These links lead to a correlation information page (Fig. 4A) , in which module-based correlation analysis results for the two experiments are shown ( Fig. 1A STEP 2) . The page includes a scatter plot and table of correlated genes and results of GOE analysis of significantly regulated genes (P < 0.25; Fig. 4A ). For example, if 'IAA 3 h' is analyzed in AtCAST, a list of genes significantly up-regulated in the 'IAA 3 h' data set would be used as input for GOE analysis. The top five most significantly over-represented GO terms from 'IAA 3 h' are shown in Table 2 . The term 'response to auxin stimulus' produced the lowest P-value. Similarly, from a list of downregulated genes, the term 'single organism transport' showed the lowest P-value (Table 3) . A full list of the GOE analysis and hierarchical network of the results of GOE analysis in each category [biological process (BP), molecular function (MF) and cellular component (CC)] are available for download by clicking their respective link buttons (Fig. 4B-D) .
Analysis of new transcriptome data regarding auxin treatment for 15 min and 3 h, using a new DNA microarray chip
We performed microarray analysis using the new Aragene11ST platform. In the IAA 15 min experiment performed using Aragene11ST, about 100 genes (Supplementary Table S8 ) were identified to be early auxin-responsive genes. Only 29 genes were reported to respond to auxin within 15 min using AG (Sawa et al. 2002) . From the experiment 'IAA 3 h by Aragene11ST', eight novel, late auxin-responsive genes were identified ( Table 4) . Data from the IAA treatment for 3 h were highly correlated with publicly available data of an IAA treatment for 3 h. Data from the treatment for 15 min were more highly correlated with those obtained from the IAA treatment for 30 min and 1 h but less highly correlated with data of the 3 h treatment. The genes expressed early and late in response to auxin may thus differ. When we analyzed the promoter region (1,000 bp 5'-upstream sequence from the transcription start site) of genes up-regulated by IAA 15 min treatment, 56% contained the auxin-responsive element (AuxRE). Additionally, 66% of the genes up-regulated >5-fold had the AuxRE, while 40% of genes not regulated had the AuxRE. In Arabidopsis, the genes regulated by IAA treatment for 3 h are not enriched in number of AuxREs (42% of upregulated genes have an AuxRE). They do, however, have an increased number of G-box-related element (GRE) sequences, which regulate gene expression by acetylation of histone in auxin-mediated transcription (Weiste and Dröge-Laser 2014) .
Discussion
In a previous study, we showed that the MCN used in AtCAST is resistant to the artificial noise inherent in microarray experiments due to differences in experimental protocols or experimental conditions between laboratories (Sasaki et al. 2011 ). In the current study, we showed that MCN is also resistant to the artificial noise caused by use of different DNA microarray platforms (Fig. 2) . The design of the new DNA microarray GeneChip Aragene11ST system is greatly different from that of ATH1. The latter uses a poly(T) primer, while Aragene11ST uses a random primer for reverse transcription of RNA. Therefore ATH1, the values of many genes differed substantially; some were several hundred-fold greater, while others showed reduced signals (Fig. 2D) . When we plotted separately the gene expression signals from ATH1 and Aragene11ST of genes with associated RNAs that were polyadenylated or not polyadenylated, the polyadenylation of RNA did not affect the differences in signals between ATH1 and Aragene11ST (Fig. 2D) . Therefore, differences in signal strengths between Aragene11ST and ATH1 may be due to the design of probe sets, rather than the affinities of poly(T) primers and random primers for each transcript. We obtained similar results from comparisons of microarray analysis using ATH1 and Aragene11ST and using the same RNA (data not shown). On the other hand, signal values based on AG and ATH1 were highly correlated ( Fig. 2A) . Therefore, it was expected that the gene expression ratios obtained using AG and ATH1 would be similar. However, gene expression ratios between AG and ATH1 were less correlated than those between Aragene11ST and ATH1 when common genes were compared (Fig. 2B, E) . When modules were used, both AG and Aragene11ST were more highly correlated with ATH1 compared with when all genes were used (Fig.  2C, F) . We suggest that a module is more resistant to the artificial noise caused by use of different platforms. The majority of public transcriptome data available at present are based on the ATH1 platform. However, many basic analyses using the older GeneChip AG have been reported. Aragene11ST is the newest GeneChip from Affymetrix, and future experiments will be conducted using this platform. Therefore, AtCAST meets the requirements for comparison of new experiments using new platforms with large public databases containing data obtained using older platforms.
The new AtCAST supports RNA-seq data. An increasing number of transcriptome experiments are carried out by NGS. However, it is difficult to compare transcriptome data obtained by NGS with those obtained using microarrays. The greatest difficulty may be that the signal values in microarrays and RNA-seq are created differently and the associated biases differ. For example, the normalization methods for RNA-seq data are different from those for microarray data. Here we showed that RNA-seq data are comparable with microarray data in AtCAST, thus enabling comparison of RNA-seq data with public microarray data.
Ecotype is another important factor that affects transcriptional responses (Delker et al. 2010) . In AtCAST, IAA treatment of several Arabidopsis ecotypes, i.e. Col-0, Bay-0, Bl-1, Bur-0, C24, Fei-0 and Sha, produced highly correlated transcriptional responses (Fig. 1C) . Module-based analysis in AtCAST allows comparison of the similarities in the transcriptome data of different ecotypes. For example, transcriptional regulation in Ler-based mutants may be comparable with that in many Col-based mutants that already exist in AtCAST.
In conclusion, based on a series of pilot studies, we demonstrated that AtCAST enables comparisons of transcriptome profiles obtained using different microarray platforms, comparisons of RNA-seq and microarray data, and comparison of gene expression profiles among ecotypes. Module-based correlation analysis was applied to identify common gene expression profiles across species using ortholog information. McCarroll et al. (2004) reported that the highly divergent animals Caenorhabditis elegans and Drosophila melanogaster showed similar expression patterns for orthologous genes. An increasing amount of rice (Oryza sativa) transcriptome data are available publicly. Improving the compatibility of AtCAST to support multiple plant species will meet future needs. Identifying the similarities and differences in gene expression profiles between species will provide a better understanding of the fundamental functions and mechanisms of life. AtCAST will co-operate with the Arabidopsis information portal (https://www.araport.org; International Arabidopsis Informatics Consortium 2012). Sawa et al. (2002) reported that using AG only 29 genes responded to auxin within 15 min. Analysis of the IAA 15 min treatment by Aragene11ST resulted in detection of about 100 novel early auxin-responsive genes. It seems that the early auxin-inducible genes are directly regulated by the Aux/IAA, ARF, TIR1, SCF auxin regulatory pathway (Liscum and Reed 2002 , Chapman and Estelle 2009 , Santner et al. 2009 , Calderon et al. 2010 . Analysis of these newly identified and early auxin-responsive genes will increase our understanding of transcriptional regulation by auxin.
Materials and Methods
Microarray analysis of A. thaliana subjected to auxin treatment A total of 25 Arabidopsis (Col-0) seedlings were grown in each plate [halfstrength Murashige and Skoog (1/2 MS) medium] under continuous light at 22 C for 6 or 7 d. Ten seedlings were cultured in 50 ml plastic tubes containing liquid medium (1/2 MS medium), and incubated with shaking. After 24 h, samples were treated with 0.1% dimethylsulfoxide (DMSO) for 15 min or 3 h (for mock treatments) or with 1 mM IAA dissolved in DMSO for 15 min or 3 h (for IAA treatments). The plants were wiped on paper towels and sampled. Immediately after sampling, these plants were soaked in liquid nitrogen and stored at À80 C. The experiment was repeated three times on three different days. Total RNA was extracted from the frozen samples using the RNeasy Plant Mini Kit (Qiagen) following the protocol supplied by the manufacturer. The quality of RNA was checked with the 2100 Bioanalyzer system (Agilent) and 100 ng of RNA from each experiment was used for microarray analysis. The microarray analysis was carried out using Affymetrix gene 1.1 ST array strips and GeneAtlas (Affymetrix) following the protocol supplied by the manufacturer. The microarray data were recorded in CEL files and analyzed using the R package Oligo (1.24.2). Signal strengths were calculated using the RMA method. Gene annotations of microarray data were obtained from the R packages aragene11st.db (2.12), ath1121501.db (2.9) and ag.db (2.12).
Addition of public microarray data to AtCAST
All of the newly included microarray data were obtained from the GEO (http:// www.ncbi.nlm.nih.gov/geo/). There were 3,325 data sets and 149,675 profiles of microarray data obtained using the ATH1 platform (on December 5, 2013). Data were selected from GEO using the following criteria, downloaded using an original script and incorporated into AtCAST: (i) microarray data were generated to analyze transcripts; (ii) each experiment involved at least two replications; and (iii) CEL files were provided. If not, signals were calculated using the MAS5 method and the detection P-values were provided. (iv) The gene expression response was reproducible between replicates. PCCs between replicated signal values were >0.7. In each data set, signal ratios were calculated as follows. The signals in mutants were compared with those from wild-type plants. The signals under treatment were compared with those under the mock treatment, before treatment or no treatment. The signals in a tissue were compared with those in 7-day-old seedlings of Col-0 (provided from AtGenExpress; Schmid et al. 2005 ). The module-based analysis of AtCAST was conducted based on our previous report (Sasaki et al. 2011) . The thresholds for selecting modules were set as follows: detection P-value for AG was 0.1, P-value of Student's t-test for AG was 0.05, detection P-value for ATH1 was 0.01, P-value of Student's t-test for ATH1 was 0.01, P-value of Student's t-test for Aragene11ST was 0.01.
NGS data analysis
The RNA-seq data of pifq (GSM958266, GSM958267, GSM958268) and the wild type (GSM958257, GSM958258, GSM958259) were downloaded from the SRA (http://www.ncbi.nlm.nih.gov/sra). Downloaded SRA files were converted to fastq format using SRA tools. Sequences were mapped to the TAIR10 genome data using tophat2 (Trapnell et al. 2009 ), and gene locus counts were calculated by cufflinks2 (Trapnell et al. 2010) . In AtCAST, statistical analysis was performed using DEGseq (Anders and Huber 2010) . Thresholds for selecting modules were set as follows; P-value of LRT for RNA-seq (for data without replications) was 0.01 and P-value of MATR for RNA-seq (with replications) was 0.01.
Gene ontology term/annotation enrichment analysis (GOE)
GOE analysis was conducted using the R packages TopGO, aragene11st.db (2.12), ath1121501.db (2.9), ag.db (2.12) and org.At.tair.db (2.10.1). Statistical evaluations of enrichment were performed using Fisher's exact test.
Supplementary data
Supplementary data are available at PCP online.
